# 


OUTT-018/00US 

THERMAL BARRIERS WITH REVERSIBLE ENHANCED THERMAL PROPERTIES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to thermal barriers and methods of manufacturing 
the same. More particularly, the present invention relates to thermal barriers comprising phase 
change materials and methods of manufacturing the same. 

BACKGROUND OF THE INVENTION 

[0002] Various types of insulation, such as those used in textiles, apparel, walls and ceiUngs of 
buildings, and walls of appliances, typically rely upon reducing heat flow from or to an outside 
environment so that a desired temperature or range of temperatures may be maintained in an 
enclosed region. Traditional insulation, such as insulation utilizing fiberglass or dead air space, 
typically suffers from one or more disadvantages. For instance, the effectiveness of traditional 
insulation often depends on the amount of insulation material. Accordingly, such insulation may 
be bulky, inflexible, and/or difficult to install in order to provide adequate insulation capacity 
and may lose insulation capacity if compressed or when wet. Moreover, traditional insulation 
may have Umited insulation capacity since it works by simply retarding heat flow and generally 
has a static response and, thus, is unable to respond to different conditions of the outside 
environment and/or the enclosed region. 

[0003] Attempts at developing superior forms of insulation have led to the use of phase change 
materials. Rather than simply retarding heat flow, insulation incorporating a phase change 
material may additionally absorb and/or release thermal energy, typically as the phase change 
material undergoes a change of state. Typically, a microencapsulated phase change material is 
used. The microencapsulated phase change material may be compounded into a coating system 
that is appUed to an insulation material, or the microencapsulated phase change material may be 
dispersed into a pre-solidified form of the insulation material, which is subsequently cured. The 
additional processing (including a microencapsulation process) associated with the use of 
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microencapsulated phase change materials may lead to loss of insulation material and/or phase 
change material and adds further expense to a manufacturing process. Moreover, use of phase 
change material in a microencapsulated form may limit the amount of phase change material that 
can be incorporated into an insulation material to a level below a desirable level. 

SUMMARY OF THE INVENTION 

[0004] In one innovative aspect, the present invention relates to a thermal barrier. In one 
exemplary embodiment, the thermal barrier may comprise a first barrier layer, a second barrier 
layer, and a base material positioned between the first barrier layer and the second barrier layer. 
The base material may comprise a plurality of regions and a barrier zone separating the regions. 
The thermal barrier may fiirther comprise a non-encapsulated phase change material 
impregnating one or more of the regions. The barrier zone hinders migration of the phase 
change material in its liquid state within the base material, and the first barrier layer is bonded to 
the second barrier layer to enclose the base material. 

[0005] In another exemplary embodiment, the thermal barrier may comprise a first barrier layer, 
a second barrier layer, and a base material positioned between the first barrier layer and the 
second barrier layer. The base material may comprise a first region, a second region, and a 
barrier zone positioned between the first region and the second region. The thermal barrier may 
fiirther comprise a first non-encapsulated phase change material impregnating the first region and 
a second non-encapsulated phase change material impregnating the second region. The barrier 
zone hinders migration of the first phase change material and the second phase change material 
in their respective liquid states within the base material, and the first barrier layer is bonded to 
the second barrier layer to enclose the base material. The first phase change material and the 
second phase change material may be the same or different. 

[0006] In a fiirther exemplary embodiment, the thermal barrier may comprise a first barrier 
layer, a second barrier layer, and a plurality of base materials positioned between the first barrier 
layer and the second barrier layer. The thermal barrier may fiirther comprise a non-encapsulated 
phase change material dispersed within one or more of the base materials. The first barrier layer 
is bonded to the second barrier layer to enclose the base materials within respective 
compartments. 
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[0007] In a still further exemplary embodiment, the thermal barrier may comprise a first barrier 
layer and a second barrier layer bonded to the first barrier layer to define a first compartment and 
a second compartment. The thermal barrier also may comprise a first base material positioned 
within the first compartment and a first non-encapsulated phase change material dispersed within 
the first base material. The thermal barrier may fiirther comprise a second base material 
positioned within the second compartment and a second non-encapsulated phase change material 
dispersed within the second base material. The first and second phase change materials may be 
the same or different. 

[0008] In another innovative aspect, the present invention relates to a method of forming a 
thermal barrier. In one exemplary embodiment, the method may comprise impregnating an 
untreated base material with a non-encapsulated phase change material and applying thermal 
energy or electromagnetic energy to the impregnated base material to form a base material 
comprising a plurality of regions and a barrier zone separating the regions. The regions are 
impregnated with the phase change material, and the barrier zone hinders migration of the phase 
change material in its Uquid state within the base material. The method may further comprise 
positioning the base material between a first barrier layer and a second barrier layer and bonding 
the first barrier layer to the second barrier layer to enclose the base material to form the thermal 
barrier. 

[0009] In another exemplary embodiment, the method may comprise applying thermal energy or 
electromagnetic energy to an untreated base material to form a base material comprising a 
plurality of regions and a barrier zone separating the regions. The method may further comprise 
impregnating one or more of the regions with a non-encapsulated phase change material, wherein 
the barrier zone hinders migration of the phase change material within the base material. The 
method may further comprise positioning the base material between a first barrier layer and a 
second barrier layer and bonding the first barrier layer to the second barrier layer to enclose the 
base material to form the thermal barrier. 

[0010] In a further exemplary embodiment, the method may comprise impregnating an untreated 
base material with a non-encapsulated phase change material and partitioning the impregnated 
base material into a plurahty of impregnated base materials. The method may further comprise 
positioning the impregnated base materials between a first barrier layer and a second barrier 
layer and bonding the first barrier layer to the second barrier layer to form the thermal barrier. 
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The first barrier layer is bonded to the second barrier layer to enclose the impregnated base 
materials within respective compartments. 

[0011] In a still further exemplary embodiment, the method may comprise partitioning an 
untreated base material into a plurality of base materials and impregnating one or more of the 
base materials with a non-encapsulated phase change material. The method may further 
comprise positioning the impregnated base materials between a first barrier layer and a second 
barrier layer and bonding the first barrier layer to the second barrier layer to form the thermal 
barrier. The first barrier layer is bonded to the second barrier layer to enclose the impregnated 
base materials within respective compartments. 

BRIEF DESCRIPTION OF THE DRAWINGS 


[0012] For a better understanding of the nature and objects of the invention, reference should be 
made to the following detailed description taken in conjunction with the accompanying 
drawings, in which: 

[0013] FIG. 1 illustrates a thermal barrier in accordance with an embodiment of the invention; 
[0014] FIG. 2 is a cross-sectional view of this embodiment, taken along line 2-2 of FIG. 1; 
[0015] FIG. 3 illustrates a method of forming a thermal barrier, according to an embodiment of 
the invention; 

[0016] FIG. 4 illustrates a thermal barrier in accordance with another embodiment of the 
invention; 

[0017] FIG. 5 is a cross-sectional view of this embodiment, taken along line 5-5 of FIG. 4; 
[0018] FIG. 6 illustrates abase material in accordance with a further embodiment of the 

invention; 

[0019] FIG. 7 illustrates a thermal barrier in accordance with a still further embodiment of the 
invention; and 

[0020] FIG. 8 is a cross-sectional view of this embodiment, taken along line 8-8 of FIG. 7. 


DETAILED DESCRIPTION 
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[0021] The present invention relates to thermal barriers comprising phase change materials and 
methods of manufacturing the same. Thermal barriers in accordance with various embodiments 
of the invention have the ability to absorb and/or release thermal energy to reduce or eliminate 
heat flow. The thermal barriers do not suffer from certain disadvantages of traditional insulation, 
such as, for example, bulkiness and inflexibility. By incorporating phase change materials in a 
non-encapsulated form, thermal barriers in accordance with various embodiments of the 
invention may be formed without the additional processing associated with use of micro- or 
macroencapsulated phase change materials and may provide greater loading levels of the phase 
change materials. The thermal barriers may be used or incorporated in various products or 
1^ applications where thermal management is desired. For example, thermal barriers in accordance 
^ with various embodiments of the invention may be used in textiles, apparel (e.g., outdoor 

o 

yj clothing, drysuits, helmets, protective pads, and protective suits), footwear (e.g., socks, boots, 
and insoles), medical products (e.g., thermal blankets, therapeutic pads, incontinent pads, and 

P hot/cold packs), containers and packagings (e.g., beverage or food containers, food warmers, seat 
cushions, insulation for electronics, insulation for storage, and circuit board laminates), buildings 

P (e g-* insulation in walls or ceilings, wallpaper, curtain linings, pipe wraps, carpets, and tiles), 
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appliances (e.g., insulation in house appliances), and other products (e.g., automotive lining 
material, insulation for engine compartments, insulation for aircraft and spacecraft, sleeping 
bags, home furnishings, and bedding). 

[0022] FIG. 1 and FIG. 2 illustrate a thermal barrier 100 in accordance with an embodiment of 
the invention. The thermal barrier 100 comprises a first barrier layer 102, a second barrier layer 
104, and a base material 106 positioned between the first barrier layer 102 and the second barrier 
layer 104. The thermal barrier 100 may be flexible and may be formed into various shapes, such 
as, for example, a sheet or roll form. 

[0023] The base material 106 may be provided in various forms, such as, for example, in the 
form of foams (e.g., open-celled and closed-cell foams), sheets, films, pellets, fibers, or fabrics. 
In the present embodiment, the base material 106 comprises a plurality of regions (e.g., a first 
region 120 and a second region 124), one or more of which may have the same or a different 
phase change material dispersed therein. For example, with reference to FIG. 2, the thermal 
barrier 100 comprises a first phase change material 118 dispersed within the first region 120 and 
a second phase change material 118' dispersed within the second region 124. Depending on the 
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particular application of the thermal barrier 100, the phase change materials 118 and 118' may be 
the same or different, and the first region 120 and the second region 124 may comprise the same 
or different materials. While FIG. 2 illustrates two phase change materials 118 and 118', it 
should be recognized that one or more additional phase change materials may be dispersed 
within either or both of the first region 120 and the second region 124. Also, it should be 
recognized that the base material 106 may further comprise one or more additional regions (i.e., 
in addition to the first region 120 and the second region 124), one or more of which may have a 
phase change material dispersed therein. 

[0024] In general, the phase change materials may comprise any material (or mixture of 
materials) that has the capability of absorbing and/or releasing thermal energy to reduce or 
eliminate heat flow at or within a temperature stabilizing range. A temperature stabilizing range 
may comprise a particular transition temperature or range of transition temperatxires. The phase 
change materials may have the same temperature stabilizing range or may have different 
temperature stabilizing ranges. The phase change materials used in accordance with various 
embodiments of the invention inhibit the flow of thermal energy through the thermal barrier 100 
during a time when one or more of the phase change materials is absorbing or releasing heat, 
typically as one or more of the phase change materials imdergoes a transition between two states 
(e.g., liquid and solid states, liquid and gaseous states, solid and gaseous states, or two solid 
states). This action is typically transient, e.g., will occur until a latent heat of the phase change 
material is absorbed or released during a heating or cooling process. Thermal energy may be 
stored or removed from one or more of the phase change materials, and one or more of the phase 
change materials typically can be effectively recharged by a source of heat or cold. By selecting 
appropriate phase change materials, the thermal barrier 100 may be constructed for use in a 
particular application where thermal stabilization is desired. As discussed above, the phase 
change materials selected, for example 118 and 118', may have temperature stabilizing ranges 
that are different. This configuration may be employed where thermal stabilization is desired at 
and/or within the two temperature stabiHzing ranges. 

[0025] In the embodiment shown in FIG. 1 and FIG. 2, the phase change materials 118 and 118' 
may comprise the same liquid/solid phase change material or may comprise different liquid/soUd 
phase change materials. A liquid/solid phase change material typically undergoes a reversible 
transition between a liquid and a solid state (e.g., melting or freezing transition). Examples of 
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liquid/solid phase change materials suitable for use in the thermal barriers in accordance with 
various embodiments of the invention include, by way of example and not by limitation, 
paraffinic hydrocarbons, halogenated hydrocarbons, waxes, oils, hydrated salts, water, fatty 
acids, fatty acid esters, dibasic acids, dibasic esters, 1 -olefins, 1-halides, primary alcohols, 
alicyclic hydrocarbons, aromatic compounds, clathrates, semi-clathrates, gas clathrates, 
anhydrides (e.g., stearic anhydride), ethylene carbonate, and polyethlyene glycol. 
[0026] Table 1 provides a list of exemplary paraffinic hydrocarbons that may be used as the 
phase change material in the thermal barriers described herein. 


Table 1 


Compound 

No. of 
Carbon 
Atoms 

Melting 
Point °C 

n-Octacosane 

28 

61.4 

n-Heptacosane 

27 

59.0 

n-Hexacosane 

26 

56.4 

n-Pentacosane 

25 

53.7 

n-Tetracosane 

24 

50.9 

n-Tricosane 

23 

47.6 

n-Docosane 

22 

44.4 

n-Heneicosane 

21 

40.5 

n-Eicosane 

20 

36.8 

n-Nonadecane 

19 

32.1 

n-Octadecane 

18 

28.2 

n-Heptadecane 

17 

22.0 

n-Hexadecane 

16 

18.2 

n-Pentadecane 

15 

10.0 

n-Tetradecane 

14 

5.9 

n-Tridecane 

13 

-5.5 


[0027] A phase change material can also be a mixture of two or more liquid/solid phase change 
materials. By selecting two or more different liquid/solid phase change materials (e.g., two 
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different paraffinic hydrocarbons listed in Table 1) and forming a mixture thereof, a temperature 
stabilizing range can be adjusted over a wide range for any particular application of the thermal 
barrier 100. 

[0028] According to the embodiment of the thermal barrier 100 shown in FIG. 1 and FIG. 2, the 
phase change materials 118 and 1 18* are in a non-encapsulated form (i.e., the phase change 
materials 118 and 1 18' are not micro- or macroencapsulated). Using a phase change material in 
a non-encapsulated form may reduce expense and loss of the base material 106 and/or the phase 
change material associated with a micro- or macroencapsulation process and/or associated with 
incorporating a micro- or macroencapsulated phase change material into the base material 106. 
In addition, using the phase change material in the non-encapsulated form may enable greater 
amounts of the phase change material to be dispersed within the base material 106. 
[0029] As discussed previously, the base material 106 comprises the first region 120 having the 
first phase change material 118 dispersed therein and the second region 124 having the second 
phase change material 118' dispersed therein. In general, the first region 120 and the second 
region 124 may independently comprise any material (or mixture of materials) that provides a 
matrix within which the non-encapsulated phase change materials 118 and 118' may be 
respectively dispersed. The first region 120 and the second region 124 may prevent or reduce 
migration of the non-encapsulated phase change materials 118 and 1 18' in their respective liquid 
states within the base material 106, such as, for example, when the thermal barrier 100 is used in 
a non-horizontal orientation. According to some embodiments of the invention, it is desirable to 
provide a substantially uniform distribution of the phase change materials 118 and 118' within 
respective regions 120 and 124 so that heat is not preferentially and undesirably conducted 
across a portion of the thermal barrier 100 that may contain a lesser amount of the phase change 
material than another portion. Moreover, the first region 120 and the second region 124 may 
prevent or reduce deformation (e.g., sagging) of the thermal barrier 100 as a resuh of migration 
of the non-encapsulated phase change materials 118 and 118'. 

[0030] In addition to providing a matrix, either or both of the first region 120 and the second 
region 124 may be selected in accordance with one or more additional criteria, such as, for 
example, insulation capacity (i.e., ability to retard heat flow through the thermal barrier 100), 
compatibility (e.g., inertness) with respect to the phase change material 1 18 or 1 18', flexibihty, 
durability, weight, dimension (e.g., width and thickness), and so forth. 
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[0031] As noted above, the first region 120 and the second region 124 of the base material 106 
may independently comprise any material (or mixture of materials) that provides a matrix within 
which the non-encapsulated phase change materials 118 and 118' may be respectively dispersed. 
Such material can comprise, by way of example and not by limitation, a porous material or a 
non-porous material. Exemplary porous materials are absorbent and include, by way of example 
and not by limitation, polymeric materials such as polyurethane, ethylene/vinyl acetate (EVA) 
copolymer, latex, polyethylene, polypropylene, butyl, silicone, cellulose acetate, neoprene, 
epoxy, polystyrene, phenolic, polyvinyl chloride (PVC), and other related polymers; cellulose; 
cotton; silica; carboxymethyl groups; diethylaminoethyl groups; styrene devinylbenzene 
copolymers with selected functional groups; polyacrylamides and their copolymers; agarose gels; 
hydroxyapatite; alumina; celotex (sugar cane fiber); methyl cellulose; carboxymethyl cellulose; 
poly-N-vinyl-2-pyrrodine and its copolymers; hydrogels; dextran; starch grafted polyacrylate 
polymers; natural and synthetic downs; and ethylene oxides. It should be recognized that a 
porous material can be a superabsorbant material, which is a type of porous material that absorbs 
several times (e.g., 20 times) its own weight of a substance to be absorbed (e.g., the phase 
change material 1 1 8 or 1 1 8'). 

[0032] Exemplary non-porous materials include, by way of example and not by limitation, 
polymeric materials such as polyurethane, ethylene/vinyl acetate (EVA) copolymer, latex, 
polyethylene, polypropylene, butyl, silicone, cellulose acetate, neoprene, epoxy, polystyrene, 
phenolic, polyvinyl chloride (PVC), natural mbber, synthetic rubber, and other related polymers. 
[0033] As shown in FIG. 2, the base material 106 fiirther comprises a barrier zone 122 
separating the first region 120 and the second region 124. In particular, the barrier zone 122 is 
shown positioned between the first region 120 and the second region 124 to hinder migration of 
the phase change materials 118 and 118' in their respective liquid states within the base material 
106 (e.g., between the first region 120 and the second region 124). As discussed previously, 
hindering migration may be desirable to provide a substantially uniform distribution of the phase 
change materials 118 and 118' within respective regions 120 and 124 and may prevent or reduce 
deformation (e.g., sagging) of the thermal barrier 100 as a result of migration of the phase 
change materials 118 and 118'. In addition, the barrier zone 122 may prevent or reduce contact 
between the phase change materials 118 and 1 18', which contact may adversely affect the 
fimctioning of the phase change material 1 18 or 1 18'. 
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[0034] In general, the barrier zone 122 may comprise any material (or mixture of materials) that 
acts as a barrier to the phase change material 1 1 8 or 1 1 8' in its liquid state. In some 
embodiments of the invention, the barrier zone 122 may be impermeable to the phase change 
material 1 18 or 1 18' in its liquid state, while in other embodiments of the invention the barrier 
zone 122 can have varying degrees of impermeability, depending on the particular application 
and on the nature of the first region 120 and/or the second region 124. For instance, a lesser 
degree of impermeability may be desirable if the first region 120 and the second region 124 
comprise a porous material that absorbs and strongly retains the phase change materials 118 and 
118', thus hindering the phase change materials' ability to migrate within the base material 106. 
[0035] According to some embodiments of the invention, the barrier zone 122 may comprise the 
same material (or mixture of materials) that comprises either or both the first region 120 and the 
second region 124 but which has a lower permeability with respect to the phase change material 
1 18 or 1 18' in its liquid state. For example, the barrier zone 122 may be formed by applying 
thermal energy (e.g., heat) or electromagnetic energy (e.g., radio fi-equency energy) to a portion 
of an untreated base material (e.g., an open-celled foam) to render that portion less permeable to 
the phase change material 1 18 or 1 18'. As one of ordinary skill in the art will understand, 
applying thermal or electromagnetic energy may alter the structure of a porous material to render 
it less permeable to a liquid. 

[0036] According to other embodiments of the invention, the barrier zone 122 may comprise a 
non-porous material and may be applied, laminated, or otherwise bonded in a conventional 
manner to the first region 120 and the second region 124 in the configuration shown in FIG. 2. 
Exemplary non-porous materials have been discussed previously in connection with the first 
region 120 and the second region 124. 

[0037] With reference to FIG. 2, the first barrier layer 102 is bonded to the second barrier layer 
104 to enclose or seal the base material 106 and the phase change materials 118 and 118'. More 
particularly, peripheral portion 108 of the first barrier layer 102 is bonded to peripheral portion 
1 12 of the second barrier layer 104 to enclose the base material 106 and the phase change 
materials 118 and 118'. Either or both of the barrier layers 102 and 104 may be bonded to the 
base material 106 via any conventional method, provided such bonding does not adversely 
interfere with the fimctioning of the phase change material 1 1 8 or 1 18'. 
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[0038] In general, the first barrier layer 102 and the second barrier layer 104 may independently 
comprise any material (or mixture of materials) that acts as a barrier to the phase change material 
1 18 or 1 18' in its liquid state and/or is scalable to enclose the base material 106 and the phase 
change materials 118 and 118' within the thermal barrier 100. In order to prevent leakage of the 
phase change materials 118 and 118', the first barrier layer 102 and the second barrier layer 104 
typically act as barriers to the phase change materials 118 and 118' and are bonded to one 
another so as to enclose the base material 106 and the phase change materials 118 and 1 18' in an 
airtight seal. In some embodiments of the invention, the first barrier layer 102 and the second 
barrier layer 104 may be impermeable to the phase change material 1 18 or 1 18' in its liquid state, 
while in other embodiments of the invention the barriers layers can have varying degrees of 
impermeability, depending on the particular application and on the nature of the first region 120 
and/or the second region 124. For instance, a higher degree of impermeability may be desirable 
if a region comprises a porous material, since the phase change material 1 18 or 1 18' in its liquid 
state may migrate to a surface of the region and may otherwise leak out of the thermal barrier 
100. 

[0039] Certain phase change materials may have a tendency to absorb moisture and/or interact 
with contaminants fi-om an outside environment (e.g., air), which can reduce effectiveness of the 
phase change materials over time. Hence, according to some embodiments of the invention, it 
may be desirable for the first barrier layer 102 and the second barrier layer 104 to fiirther act as 
barriers to such moisture and/dr contaminants. A required degree of impermeability to such 
moisture and/or contaminants may vary depending on the particular application (e.g., depending 
on degree of exposure to moisture), 

[0040] In addition to providing barriers and/or being scalable, either or both of the first barrier 
layer 102 and the second barrier layer 104 may be selected in accordance with one or more 
additional criteria, such as, for example, insulation capacity (i.e., ability to retard heat flow 
through the thermal barrier 100), compatibihty (e.g., inertness) with respect to the phase change 
material, flexibility, durability, weight, dimension (e.g., width and thickness), and so forth. 
[0041] The first barrier layer 102 and the second barrier layer 104 may independently comprise, 
by way of example and not by limitation, a non-porous material or a porous material. In 
addition, the first barrier layer 102 and the second barrier layer 104 may be respectively and 
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independently provided in various forms, such as, for example, in the form of foams (e.g., open- 
celled and closed-celled foams), sheets, films, or fabrics. 

[0042] In particular, the first barrier layer 102 and the second barrier layer 104 may 
independently comprise a polymeric material, such as, by way of example and not by limitation, 
polyurethane, ethylene/vinyl acetate (EVA) copolymer, latex, polyethylene, polypropylene, 
butyl, silicone, cellulose acetate, neoprene, epoxy, polystyrene, phenolic, polyvinyl chloride 
(PVC), natural rubber, synthetic rubber, and other related polymers. The first barrier layer 102 
and the second barrier layer 104 may comprise the same or different polymeric materials. In one 
embodiment of the invention, the first barrier layer 102 and the second barrier layer 104 
comprise flexible, thin, and durable films that provide adequate barriers to the phase change 
material in its liquid state and are scalable by a conventional method. In another embodiment of 
the invention, either or both the first barrier layer 102 and the second barrier layer 104 may 
comprise fibers (e.g., fine, high-density fibers comprising polyethylene) that are randomly or 
non-directionally distributed and are fiised or bonded together, such as, for example, by heat and 
pressure. An example of such a configuration for the first barrier layer 102 and/or the second 
barrier layer 104 is Tyvek® brand protective material, which is available fi"om DuPont. 
[0043] Either or both the first barrier layer 102 and the second barrier layer 104 may also be 
thermally reflective. For example, as shown in FIG. 2, the first barrier layer 102 may comprise a 
thermally reflective layer 1 16. In general, the thermally reflective layer 116 may comprise any 
material (or mixture of materials) that provides for improved environmental buffering by 
reflecting and/or retaining thermal energy (e.g., by reducing radiant heat loss or absorption). In 
the present embodiment, the thermally reflective layer 116 comprises a layer of a metallic 
material (e.g., aluminum), which may be formed, for example, as a coating on an outer surface of 
another layer (e.g., a film) comprising the first barrier layer 102. It should be recognized that the 
thermally reflective layer 116 may, alternatively or in conjimction, be formed as a coating on an 
inner surface of another layer comprising the first barrier layer 102 or as an internal layer within 
the first barrier layer 102. In addition, a material (or mixture of materials) may be incorporated 
into the first barrier layer 102 to render it thermally reflective. Also, it should be recognized that 
the thermal barrier 100 may, alternatively or in conjunction, further comprise a separate 
thermally reflective layer positioned adjacent and laminated or otherwise bonded to either or 
both the first barrier layer 102 and the second barrier layer 104. 
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. [0044] FIG. 3 illustrates a method of forming a thermal barrier (e.g., the thermal barrier ICQ), 
according to an embodiment of the invention. For ease of discussion of the present embodiment, 
reference will be simply made to a single phase change material 118. However, as discussed 
below, embodiments of the invention also encompass methods to form the thermal barrier 100 
where several phase change materials may be used. 

[0045] Initially, the method comprises providing the phase change material 118, which may 
comprise one or more liquid/solid phase change materials. In particular, the phase change 
material 118 may comprise a mixture of two or more different liquid/solid phase change 
materials (e.g., two different parafifinic hydrocarbons) that are mixed to a desired ratio to obtain a 
desired temperature stabilizing range. The phase change material 118 may be provided in a non- 
encapsulated liquid form, such as, for example, by melting the phase change material 118 into its 
Hquid state or by dissolving the phase change material 1 18 in a solvent. In the embodiment 
shown in FIG. 3, the phase change material 1 18 is provided in its liquid state by the source 306. 
[0046] Next, the non-encapsulated phase change material 1 18 is incorporated into an untreated 
base material to disperse the non-encapsulated phase change material 118 within the untreated 
base material. In some embodiments of the invention, the untreated base material comprises a 
porous material and may be provided in various forms, such as, for example, in the form of 
foams (e.g., open-celled and closed-cell foams), sheets, films, pellets, fibers, or fabrics. The 
imtreated base material may be impregnated with the non-encapsulated phase change material 
1 1 8 in a liquid form. This impregnation may be accomplished in various ways. In the 
embodiment shown in FIG. 3, the untreated base material (e.g., an open-celled foam) is advanced 
from roll 302 and is submersed, either partially or fully, in the molten phasei change material 118 
in the source 306. While submersed, the untreated base material may be run through a nip roller 
or other mechanism to facilitate drawing the phase change material 118 into the untreated base 
material. Another exemplary way of impregnating the untreated base material comprises coating 
the untreated base material with the phase change .material 1 1 8 in a liquid form and drawing the 
phase change material 118 into the untreated base material under vacuum conditions. A further 
exemplary way comprises heating the untreated base material to a temperature not in excess of a 
softening temperature for the imtreated base material and contacting the imtreated base material 
with the phase change material 1 18 in a liquid form. When subsequently passed through a 
cooling chamber, the phase change material 118 may be drawn into the untreated base material 
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by cooling air. As a still further example, the untreated base material may be impregnated with 
the phase change material 1 18 by spraying the phase change material 1 18 in a liquid form onto 
the untreated base material. The phase change material 1 18 is typically sprayed in measured or 
controlled quantities to disperse a desired amount and/or a desired distribution of the phase 
change material 1 18 in the untreated base material. It should be recognized that a solvent, if 
present, may be removed following impregnation of the untreated base material by, for example, 
evaporating the solvent. 

[0047] The impregnated base material may then be advanced towards a sealing device 308 along 
with the first barrier layer 102 and the second barrier layer 104. As illustrated in FIG. 3, the 
impregnated base material may be positioned between the first barrier layer 102 and the second 
barrier layer 104. In particular, the impregnated base material is advanced from the source 306, 
and the first barrier layer 102 and the second barrier layer 104 are advanced from respective rolls 
304 and 310 towards each other to sandwich the impregnated base material. It should be 
recognized that the first barrier layer 102 and the second barrier layer 104 need not be advanced 
to underUe and overlie the impregnated base material at the same time and/or same location 
along the length of the impregnated base material. For instance, the first barrier layer 102 may 
be initially positioned to underlie the impregnated base material, and the second barrier layer 104 
may be subsequently positioned to overlie the impregnated base material. Moreover, it should be 
recognized that either or both of the barrier layers 102 and 104 may be bonded, either 
permanently or temporarily, to the untreated base material before it is impregnated with the 
phase change material 118. Typically, a sufficient amount of the untreated base material may 
need to be exposed to enable it to be impregnated with the phase change material 118. 
[0048] Next, the barrier zone 122 may be formed, for example, by applying thermal energy (e.g., 
heat) or electromagnetic energy (e.g., radio frequency energy) to render a portion of the 
impregnated base material less permeable to the phase change material 1 18 in its liquid state. 
This thermal or electromagnetic energy may be applied at the sealing device 308. The base 
material 106 comprising the first region 120, the barrier zone 122, and the second region 124 is 
thus formed, wherein the first region 120 and the second region 124 are impregnated with the 
phase change material 118. 

[0049] Once fomied, the base material 106 is positioned between the first barrier layer 102 and 
the second barrier layer 104, and the first barrier layer 102 is bonded to the second barrier layer 
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104 to enclose the base material 106 and the phase change material 1 18 to form the thermal 
barrier 100. As discussed previously in connection with FIG. 1 and FIG. 2, the first barrier layer 
102 may be bonded to the second barrier layer 104 at their respective peripheral portions 108 and 
1 12. Bonding of the barrier layers 102 and 104 to one another may be accomplished via any 
method to enclose the base material 106 and the phase change material 1 18 within the thermal 
barrier 100 and/or to provide an airtight seal to prevent or reduce leakage or exposure of the 
phase change material 118 to environmental moisture or contaminants. For example, bonding 
may be accomplished by applying thermal energy (e.g., heat), by applying electromagnetic 
energy (e.g., radio fi-equency energy), and/or by applying an adhesive to either or both peripheral 
portions; 108 and 112. More particularly, bonding of the barrier layers 102 and 104 to one 
another may be accomplished at the sealing device 308 and may be performed separate from or 
in conjunction with forming the barrier zone 122. The resulting thermal barrier 100 may be cut 
into segments of predetermined lengths or may be collected into a roll. 
[0050] As discussed above, embodiments of the invention also encompass methods to form the 
thermal barrier 100 where different phase change materials are used. One exemplary method of 
forming this thermal barrier 100 comprises providing two phase change materials, 118 and 1 18', 
in liquid forms and impregnating respective regions of an untreated base material with the two 
phase change materials 118 and 118'. For instance, the first phase change material 118 may be 
sprayed onto a first region of the xmtreated base material, and the second phase change material 
118' may be sprayed onto a second region of the untreated base material. The impregnated base 
material may then be processed as discussed above to form the barrier zone 122 in between the 
two regions. 

[0051] According to some embodiments of the invention, the base material 106 comprising the 
first region 120, the barrier zone 122, and the second region 124 may be initially formed, and 
then either or both of the first region 120 and the second region 124 may be impregnated with the 
phase change material 118. For instance, an untreated base material may be provided, and the 
base material 106 may be formed by applying thermal energy (e.g., heat) or by applying 
electromagnetic energy (e.g., radio firequency energy) to render a portion of the untreated base 
material less permeable to the phase change material 1 18 in its liquid state. Either or both of the 
first region 120 and the second region 124 may then be impregnated with the phase change 
material 1 1 8 in a liquid form. As another example, the base material 106 may be formed by 
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laminating or otherwise bonding the first region 120, the barrier zone 122, and the second region 
124 together. Alternatively, the first region 120, the barrier zone 122, and the second region 124 
may be sequentially cast adjacent one another and allowed to fully solidify when all regions 120 
and 124 and the barrier zone 122 have been cast. Here, the first region 120 and the second 
region 124 may comprise the same or different porous materials, while the barrier zone 122 may 
comprise a non-porous material. The resulting base material 106 may then be impregnated with 
the phase change material 1 18 in a liquid form. Once formed and impregnated with the phase 
change material 118, the base material 106 may be positioned between the two barrier layers 102 
and 104, and the two barrier layers 102 and 104 may be bonded to one another to enclose the 
base material 106 and the phase change material 1 18 to form the thermal barrier 100. It should 
be noted that two or more non-encapsulated phase change materials may be respectively and 
independently impregnated into either or both the first region 120 and the second region 124. In 
particular, the first phase change material 118 and the second phase change material 118' may be 
impregnated into the first region 120 and the second region 124, respectively. 
[0052] According to other embodiments of the invention, the phase change material 118, either 
in a liquid or solid form, is initially dispersed in a base material mixture, which comprises a pre- 
solidified form or processing stage of a base material (e.g., a liquid or solution form of the base 
material). The phase change material 118 may be provided in a non-encapsulated solid form, 
such as, for example, in bulk form, sheet form, in pellet form, and/or in powdered form. It 
should be recognized that the phase change material 1 18 in pellet form or in powdered form may 
respectively comprise discrete pellets or particles having a variety of shapes (e.g., spherical, 
ellipsoidal, or irregularly shaped) and sizes. The base material mixture may comprise a liquid or 
solution form of one or more polymeric materials, one or more prepolymers, and/or reactants. 
As one of ordinary skill in the art will understand, the base material mixture may also comprise 
additional components such as, for example, surfactants and dispersing agents to facilitate 
wetting, dispersing, and/or to prevent lumping of the phase change material 118. Following 
dispersal of the phase change material 118, the base material mixture is solidified and may be 
shaped or molded to form a base material having the phase change material 118 dispersed 
therein. Generally, this may proceed in accordance with conventional methods, which may, for 
example, include foam, film, or fiber formation. It should be recognized that this base material 
may comprise a non-porous material or a porous material having the phase change material 118 

16. 

577516 V3/PA 
cdm403I.DOC 


dispersed therein. It should also be recognized that the phase change material 118 may be 
initially impregnated into a porous material, and the impregnated porous material may then be 
dispersed into a base material mixture. 

[0053] Once solidified, the base material having the phase change material 118 dispersed therein 
may be processed in a manner similar to that discussed above to form the base material 106. In 
particular, the barrier zone 122 may be formed by applying thermal energy (e.g., heat) or by 
applying electromagnetic energy (e.g., radio frequency energy) to render a portion of this base 
material less permeable to the phase change material 1 18 in its liquid state. The resulting base 
material 106 may then be positioned between the two barrier layers 102 and 104, and the two 
barrier layers 102 and 104 may be bonded to one another to enclose the base material 106 and 
the phase change material 1 18 to form the thermal barrier 100. 

[0054] It should be recognized that the phase change material 118 may be dispersed in a pre- 
soHdified form of either or both the first region 120 and the second region 124. The base material 
106 may then be formed by laminating or otherwise bonding the regions 120 and 124 and the 
barrier zone 122 together or by sequentially casting the first region 120, the barrier zone 122, and 
the second region 124 adjacent one another. It should be fiirther noted that two or more non- 
encapsulated phase change materials may be dispersed in a base material mixture or may be 
respectively and independently dispersed into pre-solidified forms of either or both the first 
region 120 and the second region 124. For instance, the first phase change material 118 and the 
second phase change material 118' may be dispersed into pre-sohdified forms of the first region 
120 and the second region 124, respectively, which are subsequently solidified and bonded to the 
barrier zone 122 to form the base material 106. 

[0055] Turning next to FIG. 4 and FIG. 5, a thermal barrier 400 in accordance with another 
embodiment of the invention is illustrated. As with the embodiment shown in FIG. 1 and FIG. 2, 
the thermal barrier 400 comprises a first barrier layer 402, a second barrier layer 404, and a base 
material 406 positioned between the first barrier layer 402 and the second barrier layer 404. The 
barrier layers 402 and 404 may comprise the same materials as described above for the barrier 
layers 102 and 104. In addition, either or both of the barrier layers 402 and 404 may be 
thermally reflective. The thermal barrier 400 may be flexible and may be formed into various 
shapes, such as, for example, a sheet or roll form. 
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[0056] In the present embodiment, the base material 406 comprises a first region 408 and a 
second region 412, one or both of which may have the same or a different non-encapsulated 
phase change material dispersed therein. More particularly, the first region 408 and the second 
region 412 may comprise the same or different porous materials, and the first region 408 and the 
second region 412 are impregnated with the phase change materials 118 and 118', respectively. 
Exemplary porous materials have been discussed previously in connection with the base material 
106. 

[0057] As shown in FIG. 5, the base material 406 further comprises a barrier zone 410 
positioned between and separating the first region 408 and the second region 412 to hinder 
migration of the phase change materials 118 and 1 18' in their respective liquid states between 
the first region 408 and the second region 412. In particular, as shown in FIG. 5, the base 
material 406 comprises a first surface 414 and a second surface 416, and the barrier zone 410 
extends between the two surfaces 414 and 416. More particularly, the first surface 414 and the 
second surface 416 comprise a first bonding area 418 and a second bonding area 420, 
respectively, and the barrier zone 410 extends between the first bonding area 418 and the second 
bonding area 420. 

[0058] In the present embodiment, the barrier zone 410 may comprise the same material (or 
mixture of materials) that comprises either or both the first region 408 and the second region 412 
but which has a lower permeability with respect to the phase change material 1 18 or 1 18' in its 
liquid state. For example, the barrier zone 410 may be formed by applying thermal energy (e.g., 
heat) or electromagnetic energy (e.g., radio fi^equency energy) to render it less permeable to the 
phase change material 1 1 8 or 1 1 8'. This thermal or electromagnetic energy may be applied at or 
in the vicinity of either or both of the first bonding area 418 and the second bonding area 420. 
[0059] Alternatively, the barrier zone 410 may comprise a non-porous material and may be 
laminated or otherwise bonded in a conventional manner to the first region 408 and the second 
region 412 in the configuration shown in FIG. 5. Exemplary non-porous materials have been 
discussed previously in connection with the base material 106. 

[0060] As shown in FIG. 5, the first barrier layer 402 is bonded to the second barrier layer 404 to 
enclose or seal the base material 406 and the phase change materials 118 and 118' within the 
thermal barrier 400. More particularly, peripheral portion 422 of the first barrier layer 402 is 


577516v3/PA 
cdm403I.DOC 


18. 


bonded to peripheral portion 424 of the second barrier layer 404 to enclose the base material 406 
and the phase change materials 118 and 118'. 

[0061] In the present embodiment, the first barrier layer 402 and the second barrier layer 404 
may be bonded to the base material 406. In particular, interior portions of the first barrier layer 
402 and the second barrier layer 404 may be bonded to the base material 406 at the first bonding 
area 418 and the second bonding area 420, respectively. This effectively defines two 
compartments such that the barrier zone 410 in cooperation with the barrier layers 402 and 404 
bonded thereto prevents or reduces migration of the phase change materials 118 and 118' 
between the two compartments. 

[0062] The thermal barrier 400 may be formed, for example, in a manner similar to that 
Q discussed in connection with the thermal barrier 100 and FIG. 3 and comprising an additional 
^ step of bonding the two barrier layers 402 and 404 to the base material 406. Bonding may be 

^ accomplished, for example, by applying thermal energy (e.g., heat), by applying electromagnetic 

m 

energy (e.g., radio frequency energy), and/or by applying an adhesive to one or more of the 
barrier layers 402 and 404 and the base material 406. More particularly, bonding of the barrier 

Q 

layers 402 and 404 to the base material 406 may be accomplished at the sealing device 308 
1^1 separate from or in conjunction with forming the barrier zone 410 or bonding the barrier layers 
O 402 and 404 to one another to enclose the base material 406 within the thermal barrier 400. For 
instance, thermal energy or electromagnetic energy may be applied at or in the vicinity of either 
or both the first bonding area 418 and the second bonding area 420 to bond the two barrier layers 
402 and 404 to the base material 406 and to form the barrier zone 410. 
[0063] FIG. 6 illustrates a base material 606 in accordance with a further embodiment of the 
invention. The base material 606 comprises a plurality of regions 608, 612, 614, 616, 618, 620, 
622, and 624, one or more of which may have the same or a different non-encapsulated phase 
change material dispersed therein. In the present embodiment, these regions may comprise the 
same or different porous materials. Exemplary porous materials have been discussed previously 
in connection with the base material 106. Here, one or more of these regions are impregnated 
with the phase change material 118. Alternatively, one or more different phase change materials 
can be used in different regions. 

[0064] The base material 606 further comprises a barrier zone 610, which in the present 
embodiment is formed in a criss-cross diamond pattern. It should be recognized that the barrier 
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zone 610 may be formed in various altemate regular or irregular patterns, such as, for example, a 
rectilinear pattern or a honeycomb pattem. With reference to FIG. 6, the barrier zone 610 
separates the regions 608, 612, 614, 616, 618, 620, 622, and 624 to hinder migration of the phase 
change material 118 within the base material 606. More particularly, the barrier zone 610 is 
shown positioned between a first region 608 and a second region 612 to hinder migration of the 
phase change material 1 18 in its liquid state between the first region 608 and the second region 
612. The barrier zone 610 may comprise the same material (or mixture of materials) as 
described above for the barrier zone 122. As shown in FIG. 6, the base material 606 comprises a 
first surface 626 and a second surface 628, and the barrier zone 610 extends between the two 
surfaces 626 and 628. More particularly, the first surface 626 and the second surface 628 
comprise a first bonding area 630 and a second bonding area 632, respectively, and the barrier 
zone 610 extends between the first bonding area 630 and the second bonding area 632. 
[0065] As discussed previously, the barrier zone 610 may be formed, for example, by applying 
thermal energy (e.g., heat) or by applying electromagnetic energy (e.g., radio firequency energy) 
to render it less permeable to the phase change material 1 18 in its liquid state. Alternatively, the 
base material 606 may be formed by laminating or otherwise bonding the regions 608, 612, 614, 
616, 618, 620, 622, and 624 and the barrier zone 610 together or by casting the regions 608, 612, 
614, 616, 618, 620, 622, and 624 and the barrier zone 610 in the configuration shown in FIG. 6 
and allowing these to fiiUy solidify when all regions and the barrier zone 610 have been cast. 
[0066] It should be recognized that the base material 606 will typically be positioned and 
enclosed between two barrier layers, for example, in a manner similar to that shown in FIG. 4 
and FIG. 5. A first barrier layer and a second barrier layer may be bonded at their peripheral 
portions to enclose the base material 606. In addition, the barrier layers may be bonded to the 
base material 606 at the first bonding area 630 and the second bonding area 632, respectively. 
[0067] With reference to FIG. 7 and FIG. 8, a thermal barrier 700 in accordance with a still 
fiirther embodiment of the invention is presented. As with the previously discussed 
embodiments, the thermal barrier 700 comprises a first barrier layer 702 and a second barrier 
layer 704 bonded at their respective peripheral portions 726 and 728. The first barrier layer 702 
and the second barrier layer 704 may comprise the same materials as described above for the 
barrier layers 102 and 104. Either or both of the barrier layers 702 and 704 may be thermally 
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reflective. The thermal barrier 700 may be flexible and may be formed into various shapes, such 
as, for example, a sheet or roll form. 

[0068] In the present embodiment, interior portions (e.g., interior portions 706 and 708) of the 
first barrier layer 702 are bonded to interior portions (e.g., interior portions 710 and 712) of the 
second barrier layer 704 in a particular sealing pattern. In the embodiment shown in FIG. 7 and 
FIG. 8, this sealing pattern comprises a criss-cross diamond pattem. It should be recognized that 
various alternate regular or irregular sealing pattems may be formed, such as, for example, a 
rectilinear pattem or a honeycomb pattem. This sealing pattem may be used to prevent or reduce 
migration of one or more phase change materials (e.g., phase change materials 1 18, 1 18', and 
118") enclosed within the thermal barrier 700. Furthermore, this sealing pattem may also serve 
to enhance flexibility of the thermal barrier 700, such as by facilitating bending of the thermal 
barrier 700 along a portion or portions of the sealing pattem. 

[0069] With reference to FIG. 8, interior portions 706 and 708 of the first barrier layer 702 are 
bonded to interior portions 710 and 712 of the second barrier layer 704 to define a plurality of 
compartments 714, 716, and 718. A plurality of base materials 720, 722, and 724, one or more 
of which may have the same or a different phase change material dispersed therein, is shown 
positioned between the barrier layers 702 and 704, and each base material 720, 722, or 724 is 
enclosed within a respective compartment 714, 716, or 718. In the present embodiment, non- 
encapsulated phase change materials 118, 118', and 118" are dispersed in the base materials 
720, 722, and 724, respectively, and the compartments 714, 716, and 718 are non- 
communicating, such that, for example, the phase change material 1 1 8 is prevented firom 
migrating between compartments or to leak out of the thermal barrier 700. Depending on the 
particular application of the thermal barrier 700, the base materials 720, 722, and 724 may 
comprise the same or different materials. Also, the phase change materials 1 18, 1 18', and 118" 
may be the same or different. 

[0070] The base materials 720, 722, and 724 may be independently provided in various forms, 
such as, for example, in the form of foams (e.g., open-celled and closed-cell foams), sheets, 
films, pellets, fibers, fabrics, and particles (e.g., silica particles, such as precipitated silica 
particles, filmed silica particles, and mixtures thereof; zeolite particles; carbon particles, such as 
graphite particles, activated carbon particles, and mixtures thereof; and particles made of 
absorbent materials). The base materials 720, 722, and 724 may independently comprise any 
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material (or mixture of materials) that provides a matrix within whiph the non-encapsulated 
phase change materials 1 1 8, 1 1 8', and 118" may be respectively dispersed, such as for example, 
a porous material or a non-porous material. Exemplary porous materials and non-porous 
materials have been discussed previously in connection with the base material 106. It should be 
recognized that the base materials 720, 722, and 724 may be different. For instance, a first base 
material 720 and a second base material 722 may comprise a polyurethane foam and a 
polyethylene foam, respectively, or may comprise a polyurethane foam and a polyurethane film, 
respectively. 

[0071 J While FIG. 8 illustrates three phase change materials 1 18, 1 18', and 118", it should be 
recognized that one or more additional phase change materials may be dispersed within one or 
more of the base materials 720, 722, and 724. Moreover, it should be recognized that either or 
both of the barrier layers 702 and 704 may be bonded to one or more of the base materials 720, 
722, and 724. 

[0072] The thermal barrier 700 may be formed, for example, in a manner similar to that 
discussed in connection with the thermal barrier 100 and FIG. 3 and comprising an additional 
step of bonding interior portions (e.g., the interior portions 706 and 708) of the first barrier layer 
702 to interior portions (e.g., the interior portions 710 and 712) of the second barrier layer 704 in 
a particular sealing pattem to define a plurality of compartments (e.g. the compartments 714, 
716, and 718). For ease of discussion of the present embodiment, reference will be simply made 
to a single phase change material 118. However, as discussed below, embodiments of the 
invention also encompass methods to form the thermal barrier 700 where several phase change 
materials are used. 

[0073] Initially, the non-encapsulated phase change material 1 18 is incorporated into an 
untreated base material to disperse the non-encapsulated phase change material 118 within the 
untreated base material. In some embodiments of the invention, the untreated base material 
comprises a porous material and may be provided in various forms, such as, for example, in the 
form of foams (e.g., open-celled and closed-cell foams), sheets, films, pellets, fibers, fabrics, and 
particles. The untreated base material may be impregnated with the phase change material 118 
in a liquid form (e.g., fi-om the source 306), and the impregnated base material may be advanced 
towards a sealing device (e.g., the sealing device 308) along with the first barrier layer 702 and 
the second barrier layer 704. The impregnated base material may be positioned between the first 
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barrier layer 702 and the second barrier layer 704. The impregnated base material may then be 
partitioned into the plurality of base materials 720, 722, and 724, one or more of which may be 
impregnated with the phase change material 118. Partitioning may be accomplished, for 
example, by applying thermal energy (e.g., heat) or by applying electromagnetic energy (e.g., 
radio frequency energy). This thermal or electromagnetic energy may be applied at the sealing 
device 308 as part of or in conjunction with bonding the two barrier layers 702 and 704 to one 
another. It should be recognized that the impregnated base material may, altematively, be 
partitioned via any conventional method into the plurality of base materials 720, 722, and 724 
prior to reaching the sealing device 308. Also, it should be recognized that partitioning need not 
be performed in embodiments of the invention where the base materials 720, 722, and 724 
comprise particles that are impregnated with the phase change material 118. In addition, it 
should be recognized that either or both of the barrier layers 702 and 704 may be bonded, either 
permanently or temporarily, to the untreated base material before it is impregnated with the 
phase change material 118. 

[0074] The base materials 720, 722, and 724 impregnated with the phase change material 118 
are positioned between the first barrier layer 702 and the second barrier layer 704, around which 
the first barrier layer 702 is bonded to the second barrier layer 704 to enclose the base materials 
720, 722, and 724 within respective compartments 714, 716, and 718. Bonding of the barrier 
layers 702 and 704 to one another may be accomplished via any method to prevent or reduce 
migration of the phase change material 118 within the thermal barrier 700 and/or to provide an 
airtight seal to prevent or reduce leakage or exposure of the phase change material 1 1 8 to 
environmental moisture or contaminants. For example, bonding may be accomplished by 
applying thermal energy (e.g., heat), by applying electromagnetic energy (e.g., radio frequency 
energy), and/or by applying an adhesive to either or both of the barrier layers 702 and 704. As 
discussed previously, bonding of the barrier layers 702 and 704 to one another may be 
accomplished at the sealing device 308 separate from or in conjunction with the process used to 
partition an impregnated base material into the plurality of impregnated base materials 720, 722, 
and 724. The resulting thermal barrier 700 may be cut into segments of predetermined lengths or 
may be collected into a roll. 

[0075] As discussed above, embodiments of the invention also encompass methods to form the 
thermal barrier 700 where two or more of the phase change materials 118, 118', and 118" may 
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be different. One exemplary method of forming this thermal barrier 700 comprises providing the 
phase change material in a liquid form and impregnating respective regions of an untreated base 
material with the phase change material. The impregnated base material may then be partitioned 
as discussed above to form the base materials 720, 722, and 724 impregnated with the 
corresponding phase change materials 118, 118', and 118". 

[0076] According to some embodiments of the invention, the plurality of base materials 720, 
722, and 724 may be initially provided, and one or more of the base materials 720, 722, and 724 
may be impregnated with the phase change material 118. Alternatively, a plurality of different 
phase change materials in a non-encapsulated form may be impregnated into a same base 
material or within respective base materials. In particular, the plurality of base materials 720, 
722, and 724 may be provided and impregnated with the phase change materials 118, 118', and 
118", respectively. Once impregnated, the base materials 720, 722, and 724 may be positioned 
between the first barrier layer 702 and the second barrier layer 704, and the first barrier layer 702 
may be bonded to the second barrier layer 704 to enclose the base materials 720, 722, and 724 
within respective compartments 714, 716, and 718 to form the thermal barrier 700. 
[0077J According to other embodiments of the invention, the phase change material 118, either 
in liquid or sohd form, may be initially dispersed in a base material mixture, and the base 
material mixture may then be solidified and shaped or molded to form a base material having the 
phase change material 118 dispersed therein. Altematively, a plurality of different phase change 
materials (e.g., the phase change materials 1 18, 1 18', and 118") in a non-encapsulated form may 
be dispersed in a base material mixture, which is then soUdified to form a base material having 
the phase change materials dispersed therein. This base material may then be partitioned into the 
plurality of base materials 720, 722, and 724, around which the first barrier layer 702 is bonded 
to the second barrier layer 704 to enclose the base materials 720, 722, and 724 within respective 
compartments 714, 716, and 718. It should be recognized that a plurality of non-encapsulated 
phase change materials (e.g., the phase change materials 1 18, 1 18', and 118") may be 
respectively dispersed into pre-solidified forms of the base materials 720, 722, and 724, which 
are subsequently solidified to form the base materials 720, 722, and 724. 
[0078] Various other embodiments of the thermal barrier may be formed. For instance, 
altematively or in conjunction with one or more phase change materials in a non-encapsulated 
form, a thermal barrier according to some embodiments of the invention may comprise a 
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containment structure that encapsulates, contains, surrounds, or absorbs a phase change material. 
The containment structure may facilitate handling of the phase change material, offer a degree of 
protection to the phase change material, or reduce or prevent leakage of the phase change 
material from the thermal barrier. As an example of the containment structure, the thermal 
barrier may comprise a plurality of microcapsules that contain the phase change material, which 
microcapsules containing the phase change material may be coated onto or dispersed within a 
base material comprising the thermal barrier. In forming the thermal barrier according to an 
embodiment of the invention, the microcapsules containing the phase change material may be 
initially dispersed in a base material mixture, and the base material mixture may then be 
solidified and shaped or molded to form a base material having the microcapsules containing the 
phase change material dispersed therein. The microcapsules may be formed as hollow shells 
enclosing the phase change material and may comprise individual microcapsules formed in a 
variety of regular or irregular shapes (e.g., spherical, ellipsoidal, and so forth) and sizes. The 
individual microcapsules may have the same or different shapes or sizes. According to some 
embodiments of the invention, the microcapsules may have a maximimi linear dimension (e.g., 
diameter) ranging from about 0.01 to about 100 microns. In one embodiment, the microcapsules 
will have a generally spherical shape and will have a maximum linear dimension (e.g., diameter) 
ranging from about 0.5 to about 3 microns. Other examples of the containment structure include, 
by way of example and not by limitation, sihca particles (e.g., precipitated silica particles, filmed 
silica particles, and mixtures thereof), zeolite particles, carbon particles (e.g., graphite particles, 
activated carbon particles, and mixtures thereof), and absorbent materials (e.g., absorbent 
polymeric materials, superabsorbent materials, cellulosic materials, poly(meth)acrylate materials, 
metal salts of poly(meth)acrylate materials, and mixtures thereof). For instance, the thermal 
barrier may comprise silica particles, zeolite particles, carbon particles, or an absorbent material 
impregnated with a phase change material, which impregnated particles or absorbent material 
may be coated onto or dispersed within a base material comprising the thermal barrier. The 
impregnated particles or absorbent material may be initially dispersed in a base material mixture, 
and the base material mixture may then be solidified and shaped or molded to form a base 
material having the impregnated particles or absorbent material dispersed therein. 
[0079] An embodiment of a thermal barrier with a "bubble-wrap" configuration may be formed, 
which "bubble-wrap" configuration may be used to prevent or reduce migration of one or more 
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phase change materials enclosed within the thermal barrier. This embodiment of the thermal 
barrier comprises a first barrier layer and a second barrier layer, either or both of which may be 
formed with a plurality of depressions. The first barrier layer is bonded to the second barrier 
layer to define a plurality of compartments, and a plurality of base materials, one or more of 
which may have the same or a different phase change material dispersed therein, may be 
positioned within respective compartments. Depending on the application, the base materials 
may comprise the same or different materials, and the phase change materials may be the same 
or different. The thermal barrier may be formed, for example, in a manner similar to that 
discussed in connection the thermal barrier 700 and comprising an additional step of forming the 
plurality of depressions in either or both the first barrier layer and the second barrier layer in a 
regular or irregular pattern. The depressions may be formed in a conventional manner. For 
example, the first barrier layer may be heated till softening, and the first barrier layer may be fed 
between two pressure forming rollers. One roller may have protrusions extending therefirom, and 
the other may have cooperating hollows. The plurality of base materials having a respective 
phase change material dispersed therein may then be positioned in the formed depressions in the 
first barrier layer, and the second barrier layer may be bonded to the first barrier layer to form the 
thermal barrier. Bonding may be accomplished at a sealing device (e.g., the sealing device 308) 
and may occur, for example, by applying thermal energy (e.g., heat), by applying 
electromagnetic energy (e.g., radio firequency energy), and/or by applying an adhesive to either 
or both of the barrier layers. 

[0080] Some embodiments of a thermal barrier may fiurther comprise a structure (e.g., a 
compartment-defining structure) positioned between two barrier layers and enclosed within the 
thermal barrier. The compartment-defining structure may be bonded to the two barrier layers to 
define a plurality of compartments. A plurality of base materials may be positioned within 
respective compartments, and one or more of the base materials may have the same or a different 
non-encapsulated phase change material dispersed therein. Depending on the application, the 
base materials may comprise the same or different materials, and the phase change materials may 
be the same or different. The cohipartment-defining structure in cooperation with the barrier 
layers bonded thereto serves to prevent or reduce migration of the one or more phase change 
materials enclosed within the thermal barrier. An example of the compartment-defining 
structure having a corrugated-type shape comprises an interconnecting sheet bonded at 
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alternating ofTset interior portions of a first barrier layer and a second barrier layer. A further 
example of the compartment-defining structure comprises a grid having interconnecting walls 
positioned within the thermal barrier and bonded to interior portions of the two barrier layers. 
The grid may be formed in various patterns, such as, for example, rectilinear, hexagonal, 
honeycomb, or other regular or irregular patterns. 

[0081] Another embodiment of the thermal barrier comprises a compartment-defining structure 
(e.g., the grid discussed above) positioned between two barrier layers to define a plurality of 
compartments. In this embodiment, the two barrier layers may be bonded to the compartment- 
defining structure but need not be bonded to one another. A plurality of base materials, one or 
more of which may have the same or a different non-encapsulated phase change material 
dispersed therein, may be positioned within respective compartments. 
[0082] According to some embodiments of the invention, a base material may comprise a 
plurality of barrier zones that need not be contiguous or placed adjacent with respect to one 
another. For instance, with reference to FIG. 2, the base material 106 may further comprise a 
second barrier zone spaced apart from the barrier zone 122, and these two barrier zones may 
effectively define three regions within the base material 106. 

[0083] Also, with reference to FIG. 5, the barrier zone 410 may, alternatively or in conjunction, 
be formed at one or more outer surfaces of the base material 406 (e.g., at either or both the first 
surface 414 and the second surface 416). This configuration may be used to enclose the phase 
change material within the base material 406. Altematively, a sealant material may be applied to 
the outer surfaces of the base material 406 to enclose the phase change material within the base 
material 406. In general, any conventional sealant material may be used, provided it acts as a 
barrier to the phase change material and does not interact adversely with the phase change 
material. 

[0084] According to other embodiments of the invention, a non-encapsulated phase change 
material need not be homogeneously or uniformly dispersed within a base material (e.g., the base 
material 720) or within a region of a base material (e.g., the first region 120). In particular, the 
non-encapsulated phase change material may be non-uniformly dispersed within the base 
material (or a region thereof), such as, for example, to concentrate the phase change material in 
one or more portions of the base material or to distribute the phase change material in accordance' 
with a concentration profile along one or more directions along the base material. When the base 
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material (or a region thereof) comprises a porous material, the phase change material in its liquid 
state may tend to migrate, particularly if an orientation of the base material is varied over time. 
Accordingly, a distribution of the phase change material within the base material (or a region 
thereof) may also tend to vary over time. When the base material (or a region thereof) comprises 
a non-porous material, migration of the phase change material may be prevented. Accordingly, a 
distribution, either uniform or non-uniform, of the phase change material within the base 
material (or a region thereof) may be static over time. For instance, the phase change material 
may be dispersed within the base material so as to form various layers with different 
concentrations of phase change material within the base material. One exemplary method of 
forming such a configuration comprises laminating or otherwise bonding the various layers of 
the base material with different concentrations of the phase change material together. Another 
exemplary method comprises sequentially casting the various layers one on top of another and 
allowing the various layers to fiiUy solidify when all layers have been cast. 
[0085] As a final example, an embodiment of the thermal barrier may comprise three or more 
barrier layers stacked one on top of another. Peripheral portions of the various barrier layers 
may be bonded to define a plurality of compartments. A plurality of base materials, one or more 
of which may have the same or a different non-encapsulated phase change material dispersed 
therein, may be positioned within respective compartments. One or more of the plurality of base 
materials may comprise a barrier zone, such as, for example, in the configuration shown in FIG. 
2, FIG. 5, or FIG. 6. Alternatively or in conjunction, interior portions of two or more barrier 
layers may be bonded to one another in a particular sealing pattern to define additional 
compartments. A plurality of base materials, one or more of which may have the same or a 
different non-encapsulated phase change material dispersed therein, may be positioned within 
respective additional compartments. 


EXAMPLE 

[0086] The following example describes specific aspects of the invention to illustrate and 
provide a description of the invention for those of ordinary skill in the art. The example should 
not be construed as limiting the invention, as the example merely provides specific methodology 
useful in understanding and practicing the invention. 
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EXAMPLE 1 

[0087] A 32 kg/m^, 2 millimeter (mm) thick polyurethane foam that is 156 centimeter (cm) wide 
is heat bonded to a polyurethane film that is approximately 50 micron thick and 160 cm wide. 
The foam/film system is then run through a nip roller that is partially submersed in a molten 
phase change material. The phase change material is absorbed into cells of the foam as the foam 
regains its shape. Excess phase change material is removed under a squeegee set up. A second 
polyurethane film that is approximately 100 micron thick and 160 cm wide is introduced, and 
this second film along with the impregnated foanfi/film system is run through a radio fi'equency 
sealing device that bonds peripheral portions of the two films and imprints a criss-cross pattem 
diamond pattem with points at 6 inch intervals across the width of the two films to form a 
thermal barrier as shown in FIG. 7. The phase change material loading level of the thermal 
barrier may be as high as about 75% by weight of the thermal barrier and may typically be 
between about 30% and about 50% by weight of the thermal barrier. 

[0088] An ordinary artisan should require no additional explanation in developing the thermal 
barriers and methods described herein but may nevertheless find some helpfiil guidance in the 
preparation of these thermal barriers and methods by examining standard reference works in the 
relevant art. For example, an ordinary artisan may choose to review Payne, et al. U.S. Patent No. 
5,532,039, entitled "Thermal Barriers for Buildings, AppUances and Textiles", and Lendell, et al. 
PCT Publication No. WO 00/61360, entitled ^Thermal Managing Foam Insulation", the 
disclosures of which are hereby incorporated by reference in their entirety. 
[0089] Each of the patent applications, patents, publications, and other published documents 
mentioned or referred to in this specification is herein incorporated by reference in its entirety, to 
the same extent as if each individual patent application, patent, publication, and other published 
document was specifically and individually indicated to be incorporated by reference. 
[0090] While the present invention has been described with reference to the specific 
embodiments thereof, it should be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without departing firom the true spirit and scope 
of the invention as defined by the appended claims. In addition, many modifications may be 
made to adapt a particular situation, material, composition of matter, method, process step or 
steps, to the objective, spirit and scope of the present invention. All such modifications are 
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intended to be within the scope of the claims appended hereto. In particular, while the methods 
disclosed herein have been described with reference to particular steps performed in a particular 
order, it will be understood that these steps may be combined, sub-divided, or re-ordered to form 
an equivalent method without departing from the teachings of the present invention. 
Accordingly, unless specifically indicated herein, the order and grouping of the steps is not a 
limitation of the present invention. 
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